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Formalsynthesesof（±)-boschnialactone（５）andthreecyclopentano-monoterpenelactones［i､e､，（±)‐ hPidomyrmecin(6),(±)-isoiridomynnecin(7),and(±)-aUodoUcholactone(8)]havebeenaccomplishedinthefOrm ofthesynthesesof2-(methoxymetInyl)-3-metlnyl-2-cyclopenten-1-one（11）ａｎｄ（±)-(4aoc,7α’7aα)-hexahydro-7‐ methylcyclopenta[C]pyran-3(1Ｈ)-one(19),respectively,startingfhPom6,7-dHnydrocyclopenta-1,3-diOxin-5(4Ｈ)-one (2).Asynthesisof（±)-isodehydroiridomyrmecin（９）hasalsobeenachievedthrougharouteincludingdirect substitutionofthehydroxygroupof2-(ZFrﾄbutyldimethylsnyloxymethyl)-3-methyl-2-cyclopenten-1-ol（22)with l-(蛇”butyldimethylsilyloxy)-1-methoxyethene(23)asakeystep・
KeywordsCyclopentano-monoterpenelactone;1,3-dioxinvinylogousester;carboxyolefination;isodehydroiridomymlecln； lithiumpercmorate;silylketeneacetal 
Over30cyclopentano-monoterpenelactoneshavebeentionsandregioselectivealkylationsandhydroxylations fbundasnaturalconstituentsinalargenumberofplantattheα'‐positiontothecarbonylgroup3'4)Inprepara‐ familiesandinvariousspeciesof〃jZjb"q〕ﾉr"zex.')Itisalsotorywork，wehavestudiedthestereoselectivesyntheseswell-knownthatsomeoftheselactonesshowhighlyofcな-hexahydrocyclopenta[C]pyran-3(1Ｈ)-one(3),oneexcltatlveactlvltytowardcatｓａｎｄｏｔｈｅｒ凡ﾉﾝZjbeanimals，ｏｆｔｈｅｐａｒｅｎｔｆｒａｍｅｗｏｒｋｓｃｏｍｍｏｎｔｏｃyclopentano‐andareusedbyantsasagentsofdefbnseagainstpreyingmonoterpenelactones,ａｎｄｉｔｓｊｒα"s-isomer(4)starting insects､2)Becauseofsuchcharacteristicactivitiesaswellfrom2-(hydroxymethyl)cyclopentanoneandutilmngthe asthepresenceofthecontiguousstereogeniccenterson“carboxyolefination/lactOnization,，technology､5）Inthe theircarbonskeletons，thesecompoundshaveattract‐presentstudy，theapplicabilityofthistechnologytothe edconsiderableattentionassynthetictargetslnl985，synthesisoflwastestedinthesynthesesofseveral MuraiandTagawareportedtheisolationofabelialac‐cyclopentano-monoterpenelactonespossessingamethyl tone,acyclopentano-monoterpenelactone,fiFomAMmgroupatthe7-position,suchas(±)-boschnialactone(5),6） ９，α"｡i/７Ｏ'α(Caprifbliaceae)'c)andproposedthestructure(±)-iridomyrmecin(6),7,8)（±)-isOiridomynnecin(7),8'9） :ま嚇瀦;澱瀦鷲乳謡圏)瀦鍋r淵蹴鶚獅|…(8)ハ､d(±)伽｡｡W…．‐loganin1i)ThereaftertwootherresearchgroupsreportedMethylativel,3-Carbonyltranspositionof2wasefIiacted theisolationsoftwolactones,namedAglykonAl（nobyadditionofmethyllithiumintetrahydrofilran(THF） chiropticaldatapresented)andisoboonein,fiPomaPﾉｶαe/ＬＤａｔ－７８・CfbllowedbyaqueousHCltreatment,givingipecac"α"んα(Rubiaceae)'`)andfromRα"wo版α91α"`/i/?DrathccyclopentenonelOin９７％yieldThehydroxygroup(Apocynaceae),'ｈ)respectivelyThenewlactonesseemtoinlOwasthenmethylated12)withmethyliodideand 鵬:鯛Ｗ鶴｡i謡鯛麓｡鋤翻鰍磯雅蹴艶纈,lliea駅憩雛翻unambiguousestablishmentbychemicalsynthesis・InGuilardandco-workers,6ｊ,k)ｉｎ９４％yielddesigningasyntheticroutetＣｌ,the1,3-dioxinvinylogousProtectionoflOasthecorrespondingzerj-butyldi‐ 臘重１．翻慨澱繩蓋.:I翻器綴謝畷蝋纈珊概蝋鰯鵬1K霊､.､｡､苔．｡u…nMMuwo1…川'mMXi鵲繍dtA鰍:１１１.焉柵量』脇鰯朋箙似輸c1ICro蝋蕊燃繍鱗蝋簔TheseresultsarelistedinTablel・Thestructuresofthe（+)-１２３ ｃな-ａｎｄ〃"s-isomers(１３ａｎｄｌ４)wereassignedonthebasisofthefbllowingNMRspectralandchemical lP1Cr-鱗鯰鱗議繍嵩繍iiiii鱗observedfbrthecorrespondingsignalsofM．（ii）Ｔｈｅ ５６:Ｒ'＝ＭｅＲ２＝Ｈ８ Ｃ(3)-methylcarbon(６１４８)ofl3resonatedathigherfield ７:Ｒ１＝Ｈ,Ｒ２＝Me thantheCorrespondingcarbon(519.5)ofl4duetoa o1995PhannaceuticalSocietyofJapan 
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underice-cooling，ａｎｄａｓｏｌｕｔｉｏｎｏｆ/Ｂｒ/-butylchlorodimethylsilane 
(1.729,1L4nⅡnol)ｉｎＤＭＦ(4ｍl)wasaddedAfterhavingbeenstirred 
atroomtemperaturefbrlh，themixturewaspouredintocoldH20 
(30ｍl)andextractedwithdiethylether（4x20ml).Theetherealex-
tractswerewashedwithsaturatedaqueousNaCl,driedoveranhydrous 
MgSO4，andconcentratedmwzc"o・Purificationoftheresidualpale
yellowoilbyflashchromatography'4)[hexane-AcOEt(5:1,Ｖ/v)]pro‐ 
-78.CunderNz,andaL35Msolution(1.1ｍ1,1.5,mol)ｏｆ"BuLiin 
hexanewasaddeddropwise,Afterthemixturehadbeenstirredatthat 
temperaturefbr30min,AcOEt（0.15ｍ１，１．５，mol）wasadded,and 
stirringwascontinuedfbr20min.Asolutionofl4(242ｍｇ,１．０，mol） 
ｉｎｄｒｙＴＨＦ(2ｍl)wasthenaddeddropwiseover3min,andthemixture 
wasstirredat-78oCfbranadditional2h・Thereactionwasquenched
byaddingsaturatedaqueousNH4Cl(2ｍD,andthemixturewasallowed 
videdlZ（2.249,98％）ａｓａｃｏｌｏｒｌｅｓｓｏｉＬＣＩＭＳｍ/z：２４１（ＭＨ+)； 
IRv鯉cm~':1700(CO),1650(C＝C);'H-NMR(CDC13)6:0.08(6H，
s､SiMez),０９０(9H,MaZ-Bu),２．２０［3Ｈ,ｓ,Ｃ(3)-Ｍe],2.35-24ａｎｄ 
2.5-2.55[2Heach,ｍ,Ｃ(4)‐Ｈ，ｓａｎｄＣ(5)-Ｈ，s],４３５(2Ｈ,s,ＣＨ２０） 
HydrogenationoflZATypicalExample:Catalytichydrogenation 
ofl2(537ｍｇ,2.23,mol)ｉｎＥｔＯＨ(10ｍl)wasefIbctedoverlO％Ｐｄ－Ｃ 
(200ｍｇ)atatmosphericpressureandroomtemperaturefbrlhRemoval 
ofthecatalystbyfiltrationandevaporationofthefiltratemyamoleft 
amixture(524ｍｇ,９７％)ｏｆ(±)-cな-ａｎｄ（±)-"α”-2-[[[(1,1-dimethyl‐
cthyl)dimethylsilyl]oxy]methyl]-3-methylcyclopentanone(１３andl4)as 
acolorlessoiLTheisomericratioofthemixturewasdetermmedonthe 
basisof1H-NMRspectralanalysis,Theresultsandthosefromsimilar 
runsaregiveninTableI・
Inthecaseofentry3inTable1,themixture(705ｍｇ)ofl3andl4 
wasthensubjectedtoflashchromatography14)［hexane＜Iiethylether 
(6:1,Ｖ/v)］togivethermPTs-isomer(14)(535ｍｇ,７２％）asacolorless 
oi1,Ｍs、/z:242(Ｍ+);ｍｙ鵬1748cm~'(CO);lH-NMR(CDCl3)6：
ＯＯ２ａｎｄｑＯ４(6Ｈ,seach,SiMe2),０．８６(9Ｈ,ｓ,'ＢｒﾉｰBu)，１．１７［3Ｈ,。，
ノー7Ｈｚ,Ｃ(3)-Ｍe],１．３７［ｌＨ,ｍ,Ｃ(4)-H],Ｌ６７［1Ｈ,ｍ,Ｃ(2)-Ｈ],２０－
２．１５[2Ｈ,ｍ,Ｃ(4)-ＨａｎｄＣ(5)-Ｈ],2.25-2.35[2Ｈ,ｍ,Ｃ(3)-ＨａｎｄＣ(5)‐ 
H],３．７３（1Ｈ,．｡,Ｊ＝10.5,3.5Ｈｚ)ａｎｄ３．９４（1Ｈ,．｡,Ｊ＝10.5,4Ｈｚ） 
(CH20)． 
InthecaseofentrylinTablel,the54:46mixture(524ｍｇ,2.16,mol） 
ofl3andl4wasdissolvedinbenzene(8ｍl)Thebenzenesolution,aIter 
additionofDBN(54ｍｇ,0.43,mol),washeatedat50oCwithstirring 
fbr2hAftercooling，ｔｈｅｍｉxturewaswashedsuccessivelywith５％ 
aqueousHC1andsaturatedaqueousNaCl,driedoveranhydrousMgSO4， 
andconcentratedmwJczJotoleavcacolorlessoil(414ｍｇ,７９％),which 
wasfbundtobea7:９３mixtUreofthecな‐ａｎｄ〃α"s-isomers(１３and
l4)on1H-NMRspectralanalysis． 
（±)-Zwz"３－(Z)-[2-[[[(1,1-Dimethylethyl)dimethylsilyl]oxy]methyl]-3‐ 
methylcyclopentylidene]aceticAcidEthylEster(15)ａｎｄ（±)-rwms-(E)‐ 
[2-[[[(1,1-Dimethylethyl)dimethylsilyl]oxy]methyl]-3-methylcyclopen‐ 
tylidene]aceticAcidEthylEster（18）ｉ)BythePetersonOlefination 
Reaction:Astirredsolutionofdicyclohexylamine(0.10ｍ1,050,mol） 
ihdryTHF(2.5ｍl)wascooledto-78oCinanatmosphereofN2,and 
aLO2Msolution(0.49ｍ1,0.50,mol)ｏｆ〃BuLiinhexanewasadded
dropwise・Ｔｈｅｍｉｘｔｕｒｅｗａｓｓｔｉｒｒｅｄａｔｔｈｃｓａｍｅｔemperaturefbr20min，
asolutionofethyltrimethylsUylacetate24)(80ｍｇ,O50mmol)indryTHF 
(0.5ｍl)wasaddeddropwise,stirringwascontinuedfbrlh,andthena 
solutionofl4(61ｍｇ,0.2５，mol)indryTHF(3ｍl)wasaddeddropwise 
overlOmin・Theresultingmixturewasfilrtherｓｔｉｒｒｅｄａｔ－７８ｏＣｌｂｒ
７h,broughttoroomtemperatureafteradditionofsaturatedaqueous 
NH4C1(1ｍl),andextractedwithdiethylether(3ｘ５ｍｌ).Theethereal 
extractswerewashedwithsaturatedaqueousNaCl,driedoveranhydrous 
MgSO4,andconcentratedmvaczdotoleaveacolorlessoil，whichwas 
subjectedtoflashchromatography14）［hexane-CH2Cl2（2:１，Ｖ/v)l 
Earlierfractionsprovidedl5(21ｍｇ,２７％)asacolorlessoi1,Ｍs、/z：
267(Ｍ十一OEt),２５５(Ｍ+－１erﾉｰBu);IRylMlRcm~'：１７１２(esterCO)，
1654(Ｃ＝Ｃ);'Ｈ－ＮＭＲ(CDC13)６:0.00and0.03(6Ｈ,seach,SiMez)， 
０８７(，Ｈ,ｓ,rer[-Bu)，1.00［3Ｈ,。,ノー7Ｈｚ,Ｃ(3)-Ｍe]，１．１８［ｌＨ,ｍ，
Ｃ(4)-H]，１．２７(3Ｈ,t,Ｊ＝7Ｈｚ,OCH2皿旦),１９５（1Ｈ,、)ａｎｄ2.3-2.5
(3Ｈ,、)[C(3)-Ｈ,Ｃ(4)Ｈ,andＣ(5)-Ｈ，s],３．００［1Ｈ,ｂｒｍ,Ｃ(2)-Ｈ],３．７２
(1Ｈ,。｡,Ｊ＝10,6.5Ｈｚ)ａｎｄ３．７５（ｌＨ,。｡,Ｊ＝10,4Ｈｚ)［C(2)-CH20]，
４．１５(2Ｈ,ｑ,ノー7Ｈｚ,ＯＣＨ２Ｍｅ),５．８０［1Ｈ,ddd,ノー2Ｈｚeach,Ｃ(1)＝
CLJCO2Et］ 
LaterfractionsoftheabovechromatographyafIbrdedl8(6ｍｇ,８％） 
asacolorlessoi1,ＭＭ/z:312(Ｍ+),267(Ｍ十一OEt),255(Ｍ十一/erZ-Bu)；
IRv鰹cm-1:1717(esterCO),1654(C＝C);'H-NMR(CDC13)6:００４
and0.05(6Ｈ,seach,SiMe2),089(，Ｈ,s,１２雄Bu),LO5[3Ｈ,。,Ｊ＝6.5Ｈｚ，
Ｃ(3)-Ｍe]，127（3Ｈ，ｔ，Ｊ＝7Ｈｚ,ＯＣＨ２ｕＥ)，１２８［1Ｈ，ｍ,Ｃ(4)-H]， 
１８５－２０［2H,ｍ,Ｃ(3)-ＨａｎｄＣ(4)‐H],２２０［1Ｈ,ｍ,Ｃ(2)-H]，２．５８ 
（1Ｈ,、)and3.04(1Ｈ,、)[C(5)-H，s],3.65(ｌＨｄｄ,ノー10,5.5Ｈｚ)ａｎｄ
３．６６（ＩＨ，．｡，Ｊ＝10,6.5Ｈｚ）［C(2)-CH20]，４．１５（2Ｈ，ｑ，ノー7Ｈｚ，
ＯＣＨ２Ｍｅ),５．８５［1Ｈ,ddd,ノー2Ｈｚeach,Ｃ(1)＝CHCOzEt]．
ｉi）〃αAdditionDehydrationRoute：Astirredsolutionofdi‐
isopropylamine(021ｍ１，１．５，mol)iｎｄｒｙＴＨＦ（6ｍl)wascooledto 
towarmtoroomtemperature・Theaqueouslayerwasseparatedhrom
theorganiclayerandextractedwithdiethylether(3x10ml).Theethereal 
extractsandtheaboveorganiclayerwerecombined，washedwith 
saturatedaqueousNaCl,driedoveranhydrousMgSO4,andconcentrated 
J〃しαα４０．PurificationoftheresidualoilbyDashchromatography14）
［hexane-AcOEt(15:1,Ｖ/v)］filmished(±)-(2α’3β)-2-[[[(1,1-dimethyl-
ethyl)dimethylsilyl]oxy]methyl]-1-hydroxy-3-methylcyclopentane‐ 
aceticacidethylester(17)(254ｍｇ,７７％)asacolorlessoiLMSm/z:３１３ 
(Ｍ+－０H);IRvlMlYcm-1：３５５０（OH)，１７１９（csterCO)；’ＨＮＭＲ 
（CDC13)majorisomer6:0.077and0.083(seach,SiMe2),0.90(s,ZerZ-Bu)， 
１．００［｡,ノー6.5Ｈｚ,Ｃ(3)-Ｍe]，1.1-1.2[ｍ,Ｃ(4)-H]，Ｌ２７(t,ノー7Ｈｚ，
ＯＣＨ,Ｍｅ)，Ｌ３－Ｌ４［ｍ,Ｃ(2)‐H]，Ｌ75-19［m,Ｃ(5)-Ｈ，s]，1.95-2.1 
［ｍ,Ｃ(3)HandＣ(4)-H],2.48and2.85(｡each,Ｊ＝145Ｈｚ,Ｃ巳2CO2Et)，
３．８５(｡｡,ノー10.5,5.5Ｈｚ)ａｎｄ３．８６(.｡,Ｊ＝105,4Ｈｚ)［C(2)-CH20]，
３．９７（s,ＯＨ),４．１５（q,ノー7Ｈｚ,ＯＣＨ２Ｍｅ);minorisomer6:０．０５（s，
SiMe2),0.89(s,Zerr-Bu),１．０６[｡,ノー6.5Ｈｚ,Ｃ(3)-Ｍe],１．２７(t,Ｊ＝７Ｈｚ，
ＯＣＨ?Ｍe),Ｌ5-1.85(ｍ,ringprotOns),2.57and272(｡each,Ｊ＝16Ｈｚ， 
CH2CO2Et)，３．５７（｡d，Ｊ＝10.5,6Ｈｚ）ａｎｄ３．６６（｡d,Ｊ＝10.5,4Ｈｚ） 
［C(2)-CHzO],3.73(s,ＯＨ),４１７(q,Ｊ＝7Ｈｚ,ＯＣＨｚＭｅ).The1H-NMR 
spectrumofthisoilinｄｉｃａｔｅｄｔｈａｔｉｔｗａｓａｎ８６：１４mixtureofthetwo 
diastereoisomers 
Asolutionofl7(217ｍｇ’0.66,mol)indryCH2C12(5ｍl)wasstirred 
inanatmosphereOfNz,andaO15Msolution(4.9ｍ1,0.74,mol)ｏｆ 
bis[2,2,2-trifluoro-l-phcnyl-1-(trinuoromethyl)ethoxy］diphenylsulfilr‐ 
ane20b)indryCH2C12wasaddeddropwise､Afterhavingbeenstirredat 
roomtemperaturefbr2h，thereactionmixturewaspouredintｏＨｚＯ 
（5ｍl).TheCH2C121ayerwasseparatedfi｢omtheaqueouslayer,washed 
withsaturatedaqueousNaCl，driedoveranhydrousMgSO4，and 
concentratedmwzc"otogiveacolorlessoil・Purilicationoftheoilby
flashchromatography14）［hexane-AcOEt（25:１，Ｖ/v)］providedl8 
（190ｍｇ,９３％)asacolorlessoil,whichwasidentical[bycompansonof 
thelRand1H-NMRspectraandTLCbehavior]withtheoneprepared 
bymethod(i)． 
（±)-ciS-5,6,7,7a-Tetrahydro-7-methylcyclopemta[c]pyran-3(1Ｈ)-one 
（16）Ａｍｉｘｔｕｒｅｏｆｌ５（162ｍｇ，０５２，mol),p-TsOHH20（15ｍｇ， 
００８，mol),andbenzene(2ｍl)wasstirredatroomtemPeraturefbr24h． 
Thereactionmixturewasthenwashedsuccessivelywithsaturatcd 
aqueousNaHCO3andsaturatedaqueousNaCLdriedoveranhydrous 
MgSO4,andconcentratedmvα“０．Purificationoftheresidualoilby 
flashchromatography14)［hexane-AcOEt(2:1,Ｖ/v)］ｇａｖｅｌ６(76ｍｇ， 
９６％)asacolorlessoil,ＭＳｍ/z:152(Ｍ+);IRv鞠cm-1:1722(CO)，
1658(Ｃ＝Ｃ);’Ｈ－ＮＭＲ(CDC13）５：１．１３［3Ｈ,。,ノー7Ｈｚ,Ｃ(7)-Ｍe]，
1.47,1.67,208,245,2.51,ａｎｄ２６６［1Heach,ｍ,Ｃ(5)-Ｈ，s,Ｃ(6)-Ｈ，s， 
Ｃ(7)-Ｈ,ａｎｄＣ(7a)-H],３．９８（1Ｈ,。｡,Ｊ＝12.5,10.5Ｈｚ)ａｎｄ４５５（1Ｈ，
。｡,ノー10.5,6Ｈｚ)[C(1)-Ｈ，s],５．７７［1Ｈ,ddd,L2Hzeach,Ｃ(4)-H］
（±)-(4aoc,７０z,7aoO-Hexahydro-7-methylcyclopenta[c]pyran-3(1Ｈ)-one 
（19）ｉ)Ｆｒｏｍｌ６:Asolutionofl6(73ｍｇ,0.48,mol)ｉｎＥｔＯＨ(2ｍl） 
washydrogenatedoverAdamscatalyst(7mg)atatmosphericpressure 
androomtemperaturefbrlhThecatalystwasremovedbymtration 
andthefiltratewasconcentrateｄｍｙａｃ"otogivel9(73ｍｇ,９９％)asa 
colorlesssolid,mp40-42oCRecrystaUizationofthesoUdfromhexane 
affbrdedananalyticalsampleascolorlessneedles，ｍｐ43.5-44.5.Ｃ； 
IRvHW1759cm-1(CO);lH-NMR(CDC13)5:1.06[3H,d,Ｊ=6.5Ｈz， 
Ｃ(7)-Ｍe]，1.1-1.3［2Ｈ,ｍ,Ｃ(5)‐ＨａｎｄＣ(6)-H]，1.75-1.9［3Ｈ,ｍ， 
Ｃ(6)Ｈ,Ｃ(7)-H,ａｎｄＣ(7a)-H],２．０１［1Ｈ,ｍ,Ｃ(5)-H],２３５［1Ｈ,ｍ， 
Ｃ(4)‐H],2.55-2.65[2Ｈ,ｍ,Ｃ(4)-HandＣ(4a)-H],4.11(ｌＨ,。｡,Ｊ＝11.5,
4.5Ｈｚ)ａｎｄ４２７（1Ｈ，ｄｄ，Ｊ＝11.5,45Ｈｚ）［C(1)-Ｈ，s]；’3C-NMR 
（CDCl3)6:18.7(Ｍｅ),33.4[C(5)],347[C(6)],34.8[C(4)],34.8[C“a)]， 
３７．５[C(7)],44.6[C(7a)],69.0[C(1)],173.7[C(3)];high-resolutionMS 
calcdfbrC9H,402：154.0994,fbund：154.0996.Ａ"αＬＣａｌｃｄｌｂｒ Ｃ９Ｈ１４０２：Ｃ，70.10；Ｈ，9.15．Found：Ｃ，69.82；Ｈ，９６１９．Ｔｈｅ１Ｈ‐ａｎｄ 
１３Ｃ－ＮＭＲｓｐｅｃｔｒａｏｆｔｈｉｓｓａｍｐｌｅwerevirtuallyidenticalwiththose 
reportedfbrautheｎｔｉｃｌ９(mp405-42oq､6ｶ，'8） 
ｉｉ)Froml8:Asolutionofl8(108ｍｇ,０３５，mol)ｉｎＥｔＯＨ(7ｍl)was 
hydrogenatedoverAdamscatalyst(14ｍｇ)atatmosphericpressureand 
roomtemperaturefbr4h、Removalofthecatalystbyhltrationand
concentrationofthefiltrateunderreducedpressureprovided(±)-"α砥一
’ 
可3０ 
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